Nine female and 21 male alcohol-free subjects introduced 10 mt of diluted gin (20% v/v alcohol) into their mouths under two conditions. The subjects either rinsed the alcohol for 10 s and then expectorated or immediately swallowed. They then provided breath samples into an Intoxilyzer 5000 at 5 and 10 rain postadministration for both conditions. The mean Intoxilyzer results plus or minus one standard deviation (n = 30) were 0.091 • 0.051; 0.036 • 0.027; 0.014 + 0.011, and 0.004 • 0.006 g/210 L for 5 rain after rinsing, 5 rain after swallowing, 10 rain after rinsing, and 10 rain after swallowing, respectively. The percentages of times that mouth alcohol was correctly detected by the Intoxilyzer 5000 were 90%, 66%, 62% and 30% for these conditions, respectively. Ten minutes after the introduction of alcohol into the mouth, 63% of the Intoxilyzer results were > 0.010 g/210L after rinsing compared with only 7% after swallowing. The mouth alcohol effect is greater for rinsing than for swallowing alcohol.
Introduction
The effect of residual alcohol in the oral cavity on falsely increasing the breath-alcohol concentration (BrAC) (i.e., the mouth alcohol effect) has been known for many years (1, 2) and has been studied extensively (3) (4) (5) (6) (7) (8) (9) (10) (11) . Most experiments, however, involved thorough rinsing of the mouth with alcohol and then expelling the alcohol from the mouth. Only a few studies on a very limited number of subjects involved swallowing alcohol as would normally occur during social drinking (12, 13) . This area is of interest, as swallowing alcohol would be a situation more encountered in the field with drinking drivers than rinsing.
Modern evidential breath alcohol testing instruments have detection systems for mouth alcohol. The Intoxilyzer 5000 has a slope detection system to monitor for mouth alcohol; when it * Seconded from the Ontario Provincial Police.
is detected the instrument prints the message "Invalid Sample" (14) . The details of the breath sampling and slope detection systems of the Intoxilyzer 5000 have been previously described (15) . The slope detection system, however, has been found to be not totally reliable (15, 16) . Therefore, the ability of the Intoxilyzer 5000 to detect mouth alcohol was also studied in this experiment.
Methods
Nine female and 21 male alcohol-free subjects who did not wear dentures or other oral devices were tested at least I h after lunch. All subjects were tested initially on the Intoxilyzer 5000 (CMI/MPD Inc., Owensborough, KY) to confirm their alcoholfree state. Gin (40% v/v alcohol) was diluted to 20% (v/v) alcohol by the addition of an equal volume of distilled water. The subjects were tested under two conditions. In the first condition, the mouth was rinsed for 10 s with 10 mL of diluted gin, and the diluted gin was expectorated. In the second condition, the subjects swallowed 10 mL of the diluted gin. This amount of alcohol swallowed by an adult weighing 80 kg (approximately 0.02 g/kg) would not be expected to result in a significant blood alcohol concentration within 10 min, especially after consumption of a meal, which occurred with these subjects (17) . Therefore, in the swallowing condition, the BrAC detected should be due to the mouth alcohol effect alone.
The subjects then provided a complete exhalation into an Intoxilyzer 5000 at 5 and 10 rain after the introduction of alcohol into the mouth for both conditions. The subjects were instructed to keep their mouths closed and not to talk during this period of time in order to prevent additional variations in the rate of dissipation of alcohol from the oral cavity. The final result observed on the digital display of the Intoxilyzer was recorded if an Invalid Sample was detected; otherwise, the printed result was recorded. After the breath sample was provided at 10 rain, the subjects were instructed to drink water. After at least 10 rain had elapsed, a different rinse or swallow condition was conducted and the sequence of breath testing repeated. A new spit-trap mouthpiece was used for every breath test. The Intoxilyzer 5000 was checked frequently throughout the experiment with an alcohol simulator, and all results were within • 5% of the standard alcohol concentration of 0.100 g/210 L. Intoxilyzer results of less than 0.007 g/210 L are truncated by the instrument and recorded as 0.000 g/210 L. Table I shows the Intoxilyzer results obtained for the 30 subjects. The Intoxilyzer results at 5 min after rinsing were higher than after swallowing in all subjects except for subject 12. The Intoxilyzer results at 10 min after rinsing were either higher or virtually the same as after swallowing. Figure 1 shows the mean, standard deviation, and the range of the BrACs under the four conditions. The means and standard deviations (n = 30) were 0.091 • 0.051; 0.036 • 0.027; 0.014 _+ 0.011; and 0.004 • 0.006 g/210 L for 5 min after rinsing, 5 rain after swallowing, 10 rain after rinsing, and 10 min after swallowing, respectively. The ranges of the BrACs were between 0.020 and 0.225; 0.000 and 0.118; 0.000 and 0.035; and 0.00 and 0.024 g/210 L, respectively, for the same conditions. The differences in the BrACs between rinsing and swallowing were statistically significant using a paired t-test after 5 rain (p < 0.0001) and after 10 rain (p < 0.0001).
Results and Discussion
The duration and extent of the mouth alcohol effect appear to be related, inter alia, to the volume and concentration of the alcoholic beverage, to the length of time the beverage is in the mouth, and to the area of the oral cavity mucous membrane in contact with the beverage. When swallowing, the contact time of the alcoholic beverage with the mucous membrane of the oral cavity is very short compared with rinsing. In addition, it is primarily the back of the throat and top of the tongue that are exposed to the alcoholic beverage during swallowing. When rinsing, a much greater area of the mouth is exposed to alcohol (13) . These factors tend to reduce the magnitude and duration of the mouth alcohol effect when swallowing compared with rinsing as shown in this experiment.
The alcohol from the oral cavity is mainly thought to be dissipated by the formation of fresh saliva and by breathing and talking (13) . Rinsing the mouth with a non-alcohol-containing fluid will also increase the dissipation rates. In order to study the effect of swallowing and rinsing independently, the subjects in this study kept their mouths closed and did not talk. If the subjects were allowed to talk normally, the mouth alcohol effect would be expected to dissipate even faster. In order to prevent a potentially greater dissipation rate due to frequent breath sampling, only two breath tests were conducted on the subjects, rather than every 1-2 min as found in many of the cited studies. One limitation of this study is that the tests were conducted on alcohol-free subjects. For drinking subjects who have a preexisting BrAC, the mouth alcohol effect appears to be of shorter duration and magnitude (8) .
In our experiment, 10 min after rinsing the mouth with alcohol a BrAC > 0.010 g/210 Lwas found in 63% of the subjects, whereas 10 rain after swallowing the alcohol, a BrAC > 0.010 g/210 Lwas found in only 7% of the subjects. Breath tests at 15 min were not conducted because it was expected that virtually all of the BrACs under both conditions would be zero and there would be no significant differences between these two conditions (13) .
As found in other studies, the slope detector system did not consistently detect mouth alcohol. Table II shows the Intoxilyzer 5000 results > 0.007 g/210 L obtained from alcohol-free subjects due to the mouth alcohol effect and not identified as an Invalid Sample. The detection of mouth alcohol decreased with time and with swallowing rather than rinsing of the mouth. The detection rate was 90% at 5 rain after rinsing which declined to 62% of the positive Intoxilyzer results at 10 min. With swallowing the detection rate decreased from 66% to 30% of the BrACs > 0.007 g/210L. This indicates that as the time since the alcohol was placed in the mouth increases, the detection rate of the Intoxilyzer decreases.
The lack of detection of mouth alcohol also appeared to be somewhat subject related. One subject did not obtain an Invalid Sample for all four conditions, and three subjects did not obtain an Invalid Sample for three of the conditions. These four subjects accounted for nearly half (46%) of all breath tests not detected as mouth alcohol. This may be due to the way the subject rinsed or swallowed the alcohol, the structure of the oral cavity, the pattern of exhalation into the Intoxilyzer, or the salivary flow rate. The only common observable factor for these subjects was that all four were male. The highest accepted Intoxilyzer result of 0.118 g/210 L in this study again emphasizes the need for duplicate testing and deprivation times to remove this potential source of error in breath-alcohol testing.
Conclusions
The extent and duration of the mouth alcohol effect has been shown to be less after swallowing an alcoholic beverage than after rinsing. In practical use, the deprivation time required before conducting a breath-alcohol test may be of shorter duration than that indicated in previous studies on the mouth alcohol effect based on rinsing. More research is required in this area. The slope detection system (mouth alcohol detector) of the Intoxilyzer 5000 is not totally reliable for detecting mouth alcohol. This emphasizes the need for duplicate breath analysis and deprivation times as additional safeguards against potential mouth alcohol effects.
